A modified asymptotic method is proposed and applied to evaluate the frequency of self-excited oscillation in a Van-Der-Pol oscillator with large cubic restoring nonlinearity. The result obtained can be used for large enough nonlinearity.
Introduction
In [3] , to evaluate the frequency of steady self-excited oscillation in a Van-Der-Pol oscillator with large cubic restoring nonlinearity, a modified Poincare method has been presented . There, assuming that the strongly nonlinear oscillator of interest is near certain linear one with unknown (to be evaluated) frequency, a formal small parameter is introduced and the governing different ial equation is written in the form corresponding to weakly nonlinear system.
In this article, based on the same assumption and also on the variant of the asymptotic procedure presented in [1, 2] , a modified asymptotic method is proposed to examine t he problem considered . The results obtained are identical with those given in [3] . Compared wit h the modified Poincare method, the modified asymptotic method is a little more complicated. T his results from the fact that in t he asymptotic method, we have to establish not only the algebraic equations determining steady state but the differential equations governing the amplitude-phase variation of the "general" solution. However, as compensation, t he stability study is rather simple.
Systems under consideration. Frequency from the usual asymptotic method
Consider a Van-Der-Pol oscillator described by the differential equation
where the significations of all the notations have b een explained in [3] ; h > 0 is assumed t o be sm all but r > 0 may be large enough.
The problem p osed is to evaluate the frequency of steady self-excited oscillations satisfying the initial condition
For the sake of comparison , t he usual asymptotic method (with a modified procedure) as presented in [2] is first used to discuss the case of small f.
Being small, I as h can be labeled by a small formal parameter E:. So, the system under consideration belongs to a weakly nonlinear type and its governing differential equation has the familiar form:
Following asymptotic expansions are used: Steady self-excited oscillation with a 0 as amplitude of order c 0 is determined such that in each step of approximation (not at the end) following conditions are satisfied:
.
It is not difficult to recognize that (1.7), (1.8) represent the stationarity condition and the initial condition respectively.
In the first approximation, we have: Ai(a) = 0 or ao = 2.
(1. 12) Using (1. 12), the additional frequency cB1(a) of order E: is:
The initial condition (1.8) for i = 1 gives:
In the second approximation, we have:
-2A2sin ' lj; -2aB2cos ' lj; + ~2 :
= -A1 aa cos ' lj; +2A1B1sm ' lj; +aA1 aa sm'lj;+aB 1 cos'lj; -2A1 0 Hence:
(1.14)
(1.15) Using (1.12) , (1. 14) , (1.18), t he additional frequency of order c 2 is obtained:
Thus , the first two formulas for frequency are: 
Frequency from a modified asymptotic method
In this section, a modified asymptotic method is proposed to determine steady state for the case of large cubic nonlinearity r · As in [3] , assuming that in the domain (x, :i:) considered, the system of interest should be near certain linear one with unknown frequency w, we rewrite (1.1) as:
where µ is the new small formal parameter introduced to indicate the smallness (by assumption) of the right hand side (especially, the smallness of the sum (w
The asymptotic expansions are now of the form: It is not difficult to establish following expressions: 
Equating the terms of like harmonics in both sides of (2.6) we obtain: (2 .7)
The amplitude ao of order µ 0 of the steady self-excited oscillation is determined by the stationarity condition.
Ai(a)=O or ao=2.
(2.9) Using (2.9) , from the second relation of (2.7) , we obtain:
(2.10)
The expression of ui is: where ai, bi are two constants to be chosen. To satisfy the initial condition (1.8) for i = 1, the constant bi should be taken so that:
Note that in the first approximation, Bi is absent and ai remains indeterminate.
Hence:
, (2.14)
The stationarity condition ( 1. 7) for i = 2 leads to the equation: In practice the stability condition in the first approximation is used and it is identical with the condition (1.2) given in section 1.
Comparison and conclusion
The formulas (1.20), (1.21) of w1, WIJ in section 1 and (2.19), (2.20) of w1*, WJ1* in section2 are identical with the formulas (2.17), (2 .18) and (3 .16) , (3.17) obtained in [3] by the standard and the modified Poincare method, respectively.
The degree of accuracy of these formulas has been shown in [3] and this allows us to affirm that the modified asymptotic procedure presented may be usefull.
It is not difficult-for instance-to affirm that the modified Poincare method and the modified asymptotic method determine the same steady self-excited oscillations. Indeed, in [3] by using the dimensionless time T =wt and by expanding following differential equations are obtained:
w5(x~ + xo) == 0, (3.1) w5(x~ + x1) = (w5 -l)xo -/X~ + h(l -x5)wox~, (3.2) w5(x~ + x2) = -2wow1(x~ + x1) + (w6 -l) x1 + 2wow1xo -31x6x1 + h(l -x5)(wox~ + w1x~) -2hxox1wox~,
where primes denote differentiation with respect to T.
